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Description 

The present invention relates generally to devic- 
es for conducting el^rical current, for example, con- 
nectors, switches and sensor. 

The invention is concerned, nrare especially, with 
current conducting devices for use in locattons, for ex- 
ample In electrostatographic {Hinting madiines, 
where they may be exposed to contaminating sut>- 
stances. 

In electrostatographic prbiting apparatus conv 
monly used today a photoconductlve insulating menrv- 
ber is typically charged to a uniform potential and 
thereafter exposed to a light image of an original 
document to be reproduced. The exposure dischaig- 
es the photoconductlve insulating surface in exposed 
(H- background areas and creates an electrostatic la- 
tent Image on the member which corresponds to the 
Image contained within the original document Alter- 
natively, a light beam may be modulated and used to 
selectively discharge portions of the chaiged photo- 
conductive surfiace to record the desired infonnation 
thereon. Typically, such a system employs a laser 
beam. Subsequently, the electrostatic latent image 
on the photoconductlve insulating surface is made 
visible by developing the image with developer pow- 
der referred to In the art as toner. Most development 
systems employ developer which comprises both 
charged carrier particles and charged toner particles 
which triboelectricaliy adhere to the earner particles. 
During development the toner particles are attracted 
from the carrier particles by the charged pattern of 
the Image areas of the photoconductlve insulating 
area to form a powder Image on the photoconductlve 
area. This toner Image may be subsequently transfer- 
red to a support surface sudi as copy paper to which 
it may be pennanently af f bced by heating or by the ap- 
plication of pressure. 

In commercial applications of such products it is 
necessary to distribute power and/or logic signals to 
various sites within the machine. Traditionally, this 
has taken the form of utilizing conventional wires and 
wiring harnesses in each machine to distribute power 
and logic signals to the various functional elements in 
an automated machine. In such distribution systems, 
it is necessary to provide electrical connectors be- 
tween the wires and a>mponents. In addition, it is 
necessary to provide sensors and switches, fn- exam- 
ple, to sense the tocatlon of copy sheets, documents, 
eto.. Similarly, other electrical devk:^ such as inter- 
locks, eta en provMed to enable or disable a funo- 
tton. 

The most common devtoes p^orming these 
functtons have tradlttonally relied on a metal-to-metel 
contact to provkie a conductive path for conducting 
electric current from one locatim to another While 
this long time convention«y approach has been very 
effective in many appliiatkms, it neverth^ess suffera 



from several difficulties. For example, one or both of 
the metal contacts may be degraded over time by the 
fonmation of an Insulating film due to oxidation of the 
metal. This film may not be capable of being pierced 
5 by the normal contact force by low energy (5 volts and 
10 milliamps) power present In the other contart. This 
» complicated by the fact that according to Holm, 
Electric Contacts, pagfe f. 4th Edition, 1967, publish- 
ed by Spring^-Verlag, no amount of force even if the 
10 contacts are infinitely hard can fca-ce contact in more 
than three places. CkHTOded contacts can result in the 
creatton of radio frequency interference (noise) which 
may disturb sensitive circuitry in the machine. In ad- 
ditton, the conventtonai metal to metal contacts are 
is susceptible to contamination by dust and other debris 
in the machine environment. In an electrostatograph- 
ic printing ntachine, for example, toner particles are 
generally airborne within the machine and may collect 
and deposit on one or more such contacts. Another 
20 common contaminant in a printing machine Is a sili- 
cone oil which Is commonly used as a fuser release 
agent This contamination may also be sufficient to in- 
hibit the necessary metal-to-metai contact. Accord- 
ingly, the direct metai-to-metal contact suffera from 
25 low reliability particularly in low eneigy situattons. To 
improve the reliability of such contacts, partteuiarly 
for low energy applications, contacts have been pre- 
viously made from expensive rare earth elements 
such as gold, palladium, silver and rhodium or spe- 
30 cially developed alloys such as palladium nickel and, 
in some applications, contacts have been placed in a 
vacuum or hermetically sealed. In addition, metal 
contacts can be self-destructive and will burn out 
since most metals have positive coefficient of thermal 
35 conductivity and as the contact gets hot it becomes 
less conducting thereby becoming hotter with the 
passage of additional current Final failure may follow 
when the phenomenon of current crowding predom- 
inates the conduction of cun-ent. In addition to being 
40 unreliable as a result of being susceptible to contam- 
ination, traditional metal contacts and particularly 
sikling contacts are also susceptible to wear over long 
periods of time. 

The following prior art Is of interest on connection 
45 with the present invention: 

U.S. Patent 4,347,287 to Lewis et ai. describes a 
system for forming a segmented pultrudsd shape in 
whtoh a continuous length of fiber reinforcements are 
ImfHi^nated with a resin matrix nraterial and then 
50 fonmed into a continuous series of alternating rigid 
se^ents and flexible segments by curing the matrix 
nraterial in^negnating the rigid sections and remov- 
ing the matrix materi£ri impregnating the flexible sec- 
ttons. The matrix mat«1al is a thermosetting resin and 
58 the fiber reinfon»ment may be gtass, graphite, boron 
oraramkjfib«s. 

U.S. Patent 4,^9.7^ to Degudii disdraes an 
dectrteaUy comhjctlve thenm^astk: resin composi- 
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tion containing metal and carbon fibers. The compo- 
sition can be converted into a drained shaped (»x)duct 
by inlection molding or extrusion mddlng (see cd. 3, 
lines 30-52). 

U.S. Patent 4,358,699 to Wilsdorf desoibes an 
electrical fiber brush and a method of making it 
wherein the electrical properties of the brush are con- 
trolled by the fiber wires by making extremely large 
number of fiber wires of very small diameters to con- 
tact the object at the working surface of the brush. 
Quantum-mechanical tunneling Is expected to be- 
come the predominant mechanism of current conduc- 
tion, providing extremely good brush perfomance 
while at the same time brush wear is very low. 

U.S. Patent 4,641,949 to Wallace et al. describes 
a conductive brush paper position sensor wherein the 
brush fibers am conductive fibers made from polya- 
cryionitrile, each fiber acting as a separate electrical 
path tiirough which the circuit is completed. 

U.S. Patent 4,553,191 to Franics et al. describes 
a static eliminator device having a plurality of resilient 
flexible thin fibers having a resisth^ity of from about 2 
x 103 ohms centimetare to 1 x 10* ohms centimetare. 
Preferably, the fibere are made of a partially carbon- 
ized potyacrylonitriie fiber. 

U.S. Patent 4,369,423 to Hoitzbeig describes a 
composite automobile Ignition cable which has an 
electrically conductive core comprising a piuiality of 
mechanically and electrically continuous filaments 
such as graph itized poiyacrytonitrile and electrically 
Insulating elastomeric jacket which surrounds and en- 
velopes the filaments. 

U.S. Patent 4,761, 709 to Ewing et al. describes a 
contact brush charging device having a plurality of re- 
slilently flexible thin fibers having a resistivity of from 
about 102 ohms-cm to about 10« ohm-cm which are 
substantially resistivity stable to changes In relative 
humidity and temperature. Preferably the fibers are 
made of a partially carbonized potyacrylonitriie fiber. 

Electric Contacts by Ragnar Holm, 4th Edition, 
published by Springer-Verlay, 1967, pages 1-53, 118- 
1 34, 228, 259 is a comprehensive description of the 
theory of eiectricsy contacts, particularly metal con- 
tacts. 

The present invention provides a device for con- 
ducting electric cunrent comprising two contacting 
components at least one of which is a puitruded com- 
posite member comprising a plurality of small diame- 
ter conductive f itrars embedded in a polymer matrix, 
the fibers being oriented in the matrix in the direction 
substantially parallel to the axial direction of the mem- 
ber and being continuous from one end of the mem- 
ber to the other to provkle a plurality of potential elec- 
trical contacts at each end of the member. Typically 
the device is a switch, sensor or connector. 

In a further aspect of the present invention, the 
conductive fibers are carbon fibers preteratriy car- 
bonized pdyacrytonitriie fibers. 



In a further aspwA of the present invention, the 
fibers are generally circular in cross section and have 
a diameter of from about 4 mioometers to about 50 
micnmieters and jx-eferably from about 7 microme- 
5 ters to about 10 micrometers. 

In a further aspect of the present invention, the 
fibers have DC volume resistivity of from about 1 x 
10-s to about 1 x lOi" ohm cm and preferably from 
about 1 X 10-3 to about 10 ohm cm. 
10 In a further aspects of the present invention, the 
fibers are present in the puitruded component in an 
amount of from about 5% to about 98 by weight, and 
preferably at least 50% by weight, and more especial- 
ly about S0% by weight. 
IS In a further aspects of the present invention, 
the.polymer matrix is a structural thermoplastfe or 
thermosetting resin and Is preferably a polyester or 
epoxy resin. 

In a further principle aspect of the present inven- 
20 tion, the puitruded member Is a mechanical member 
as well as an ^ectrical component 

in a further aspect of the present invention, botti 
componento are puitruded membere and one or botii 
of them f unctton as mechankiai member as well as an 
25 electrical component. 

In a further aspect of the present inventton, the 
puitruded member has at least one machine fsature 
incorporated therein. 

In a further aspect of the present inventton, the 
30 polymer matrix Is removed from one end of the pui- 
truded member to expose the individual fIbere. 

In a further aspect of the present inventton, the 
two components of the device are maintained in con- 
tact by a flexible fastener. 
35 In a further aspect of the present invention, the 
polymer matrix can be a thermosetting elastomer. 

A machine including a plurality of electrical com- 
ponents each requiring the supply of electrical cur- 
rent for proper functioning may include at least one 
40 electrical devices In accordance witii the present In- 
vention. 

By way of example, embodiments of the inven- 
tion will be described with reference to the accompa- 
nying drawings In which: 
45 Figure 1 is a representation in aoss section of an 
eiectrostetographic printing machine. 

Figure 2 illustrates in greater detail the document 
handler of Figure 1 , which incorporates a device in ac- 
cordance with the present invention. 
50 Figure 3 is an enlarged sectional view i llustrating 
a sensor used in the document handler of Figure 2. 

Figure 4 illustrates an electrical connection be- 
tween a puitruded member and a conductive fiber 
brush. 

55 Figure 5 illustrates an electrical cxsnnection sim- 
ilar to ttiat of F^ure 4, vs^rein both contacts are pui- 
truded members. 

Figure 6 s an illustration in cn»s section of an 
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electrical connector in accordance with the invention. 

Figure 7 illustrates an electrical connection be- 
tween a pultruded member and electrl(»l contacts. 

Figure 8 illustrates a variety of representative 
cross sections for a pultruded member for use in a de- 5 
vice in accordance with the present invention. 

Various current conducting devices are described 
below, a feature of each device being that it incorpor- 
ates an electrical contact component which isa conrv- 
posite member manufactured by a process known io 
generally as pultrusion. This process generally con- 
sists <^ pulling continuous lengths of fibers through a 
resin bath or impregnator and then into a preforming 
fixture where the section is partidiy shaped and ex- 
cess resin and/or air are removed and then into heat- is 
ed dies where the section is cured continuously. Typ- 
ically, the process is used to make fiberglass rein- 
forced plastic pidtruded shapes. For a detailed dis- 
cussion of puitruskm technology, reference is direct- 
ed to "Handbook of Puitruskm Technology' by Ray- 20 
mond W. Meyw. first published in 1985 by Chapman 
and Hall. New York. 

To form the pultruded components of the devices 
as described below, conductive fibers are submersed 
in a polymer bath and drawn through a die opening of 25 
suitable shape at high temperature to produce a solid 
piece, of the dimensions and shape of the die, which 
can be cut, shaped and machined. As a result, thou- 
sands of conductive fiber elements are contained 
within the polymer matnx, the ends of which fibers are 30 
exposed at the cut surfaces to provide electrical con- 
tacts. This very large redundancy and availability of 
electrical contacts enables a substantial improve- 
ment in the reliability of these contact components. 
Sincethe plurality of small diameter conductive fibers 3S 
are pulled through the polymer bath and heated die as 
a continuous length, the shaped member is fonned 
with the fibers being continuous from one end of the 
member to the other and oriented within the resin ma- 
trix In a direction substantially parallel to the axial di- 40 
rection of the member. By the term "axial direction" It 
is intended to define a lengthwise or longitudinal di- 
rection along the major axis. Accordingly, the pultrud- 
ed composite may be formed in a continuous length 
and cut to any suitable dimension providing at each 45 
end a very large number of potential electrical con- 
tacts at the ends of each of the individual fibers. As 
will become apparent hereinafter, these pultruded 
composite members may be used for either one or 
two of the contacting components in a device fw con- so 
ducting electric current 

Any suitaUe fiber may be used in the pultruded 
contact components. Typteaiiy, the conductive fibers 
will have a DC volun« resistivity of from about 1 x 
1(H to about 1 X 10^0 oirni cm and prefisrabV from ss 
about 1 X 1(Hto about 10 ohm cm to minimize resis- 
tance Ic^s. Hamva, h^h«' resistivity iraterials 
may be used if the input levert of the dectronic devtee 



is suff k:lently high. In addition, the individual conduc- 
tive fibers are generally circular in cross section and 
have a diameter generally in the order of from about 
4 to about 50 micrometers and preferably from about 
7 to 9 mlcr«neteis which provides a very high degree 
of redundancy in a small axial area. The fibers are 
typically flexible and compatible with the polymer 
systmns. Typteal fibers include carbon, carbon/graph- 
ite, metallized or metal coated carbon fibers and met- 
al coated glass fibers. 

Particularly preferred fibers that may be used are 
those fibers ttiat are obtained from the controlled 
heat treatment processing to yield partial carboniza- 
tkMi of the polywryionitriie (RAN) precursor fibers. It 
has been found for such fibers that, by carefully con- 
troiling the twnperature of carbonization within cer- 
tain limits, precise electrical resirtivities for the car- 
bonized carbon fibers may be obtained. The pdya- 
crytonitrlie precursor fibers are commercially pro- 
duced by the Stackpoie Company, Ceiton Carbon Fib- 
ers, Inc., diviston of BASF and others In yarn handles 
of 1,000 to 160,000 filaments. The yarn bundles are 
partially carbonized in a two-stage process involving 
stabilizing the PAN fibers at temperatures of the order 
of SOO'C in an oxygen atmosphere to produce preox- 
stabilized PAN fibers followed by carbonization at 
elevated temperatures in an inert (nitrogen) atmos- 
phere. The D.C. electrical resistivity of the resulting 
fibers is controlled by the selection of the tempera- 
ture of cartjonization. For example, cart3on fibers hav- 
ing an electrical resistivity of from about 10^ to about 
1 0* ohms-cm are obtained if the carbonization tem- 
perature is controlled in the range of from about 
500°C to 750°C. For further reference to the process- 
es that may be employed in making these cartjonized 
fibers attention Is directed the above-referenced U.S. 
Patent 4,761,709 to Ewing et al. and the literature 
sources cited therein at column 8. Typically these car- 
bon fibers have a modulus of from about 30 million to 
60 million psi or 205 - 411 GPa which Is higher than 
most steels thereby enabling a very strong pultruded 
composite member. The high temperature convereion 
of the polyacrylonitrile fibers results in a fiber which 
is about 99.99% elemental carbon which b inol and 
which when used in a high energy application upon 
oxidation will yield only carbon monoxide or carbon 
dkixide which are gases that do not contaminate the 
fiber end contacts. 

One of the advantages of using conductive car- 
bon fibere is that they have a negative coefficient of 
thermd conductivity so that as the individual fibere 
beoxne heater, they become more conductive. This 
provkies an advantage over metal fibers since the 
metsd fibers operate in just the opposite manner and 
therefore tend to tairn out by self destructing. In a par- 
ticular applicatk>n, where very high conductivity of 
the Older of 1 05 (ohm cm^' is deswed, the fibere may 
be metallized or plated with a metal such as ntekei, sll- 
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ver or gold. The carbon fibers have a furttior advan- 
tage in that their surfaces are inherently rough there- 
by providing better adhesion to the polymer matrix. 

Any suitable polymer matrix may be employed for 
producing the pultruded contact components. The 
polymer may be insulating or (X)nducting. If optimum 
electrical conduction Is desir^ at the edges of the 
pultrusion a conducting polymer may be used. Con- 
versely, If insulating properties are desired at the 
edges of the pultrusion an insulating polymer may be 
used. 

Typically, the polymer is selected from the group 
of structural thermoplastic and thermosetting resins. 
Polyester, epoxy and vinyl esters are in general, suit- 
able materials with the polyester being preferred due 
to its short cure time and relative chemical inertness. 
If an elastomeric matrix is desired, a silicone, fluoro- 
sillcone or pdyurethane elastnner may provide the 
polymer matrix. Typical specific matoriays include He- 
tron 613, Arpoi 7030 and 7362 available from Osh- 
iand Oil. Inc., Dion iso 6315 available from Koppers 
Company, Inc. and Silmar 5-7956 available from Ves- 
tron Corpoiatlon. For additional Information on suit- 
able resins attention is directed to Chapter 4 of the 
above-referenced Handbook by Meyer. Other materi- 
als may be added to the polymer bath to provide prop- 
erties such as corrosion or flame resistance as de- 
sired, tn addition, the polymer bath may contain fillers 
such as calcium carbonate, alumina, silica or pig- 
ments to provide a certain color or lubricants to re- 
duce friction, for example, in sliding contacts. Further 
additives to alter the viscosity, surface tension or to 
assist in bonding the pultrusion to the other materials 
may be added. Naturally, if the fiber has a sizing ap- 
plied to It, a compatible polymer should be selected. 
For example, if an epoxy resin is being used, it would 
be appropriate to add an epoxy sizing to the fiber to 
promote adhesion. 

The fiber loading In the polymer matrix depends 
upon the conductivity desired and the cross sectional 
area. Typically, the resins have a specific gravity of 
from about 1.1 to about 1.5 while the fibers have a 
specific gravity of from about 1 .7 to about 2.5. In pro- 
viding the levels of conductivity heretofore men- 
tioned, typically the pultruded composite member is 
more than 50% by weight fiber and preferably more 
than 80 or even 90% fiber, the h^her fiber loadings 
providing more fibers fcf contacts and lower built re- 
sisth/ity. To increase the conductivity of the matrix ad- 
ditional conductive fiber may be added. 

The pultruded composite members may be pre- 
pared aca)rdlng to the pultrusion technique as descri- 
bed, for example, by Meyer in *Handbod( of Pultru- 
sion Techndogy". In general, this will involve the 
steps of prs-rlnsing the continuous multi-filament 
strand of a^nductivs cartKsn fibers in a pre-rinse t^h 
fdlowed by pullbig the continuous ^rarKi through the 
mdten or licpjid polymer followed by pullii^ it through 



a heated die which may be at the curing temperature 
of the resin into an oven dryer, if such is necessary, 
and then to a cut-off or take-up position. For further 
and more complete details of the process attention is 
5 d«-ected to Meyer. While the deslral final shape of the 
pultruded composite membw may be that provided 
by the die, alternatively it is capable of being ma- 
chined with conventional carbide tods. Typically, 
holes, slots, ridges, grooves, convex or concave con- 
10 tact areas or screw threads may be formed in the pul- 
truded composite member by conventional machin- 
ing techniques. Attention is directed to Figure 8 of the 
acawnpanying drawings wherein a variety of die con- 
figurations are illustrated which may be used to pro- 
75 duce the corresponding pultruded cross sectional 
shapes. While the individual dots representing the in- 
divkiual fibers are deptotad in an orderly pattern, it 
will be understood that they more generjrily appear in 
a random pattern. 
20 Typically, the fibers are supplied as continuous 
filament yarns having, for example, 1, 3, 6, 12 or up 
to 160 thousand filaments peryarn and provide in the 
formed pultruded memberfrom about 1 x 10^ to about 
2.5 x 10* contacts per cm^. 
25 A pultruded member so formed may be used to 
provide at least one of the contacting components in 
a devtee for conducting electrical current In addition 
or alternathmly both of the contacts may be made 
from similar or dissimilar pultruded composite mem- 
30 bers. Furthermore, one or both of the contacts may 
provide a mechantoai or structural functkm. For ex- 
ample, in additton to perfomilng as a conductor of cur- 
rent for a connector a pultruded member may also 
function as a guide pin. A pultruded member may act 
35 as a rail for a scanning head to ride on and also pro- 
vide a ground return path. 

Attention is directed to Figures 3 through 7 in the 
drawings for the following description of devices In- 
corporating pultruded contact components manufac- 
40 tured as described above, and to Figures 1 and 2 for 
the description of a printing/ reproduction machine in- 
corporating the device of Figure 3. 

With reference to Figure 1, there is shown an 
electrophoto^phta printing orreproductton machine 
4S employing a belt 10 having a photoconductlve sur- 
face. Belt 1 0 moves in the direction of arrow 12 to ad- 
vance successive porttons of the photoconductlve 
surface through variojs processing stattons, starting 
with a charging statton including a corona generating 
50 device 14. The cwona generating device charges the 
photoconductlve surface to a relatively high substan- 
tially uniform potential. 

The charged portion of the photoconductlve sur- 
face is then advanced through an imaging station. At 
55 the imsqing statton, a document handling unit 1 5 pos- 
ttkm an originiri document 16 fec^wn over expos- 
ure ^tMn 17. The expi^jre s^tem 17 indwtes 
l»np 20 Ifluminating the ctocunent 16 posittoned on 
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transparent platen 18. The light ra^ reflected from 
document 16 are transmitted through lens 22 which 
focuses the light image of original document 16 onto 
the chained portion of the photoconductive surfece of 
belt 10 to selectively dissipate the charge. This re- 
cords an electrostatic latent image on the photocon- 
ductive surface corresponding to the information 
areas contained within the original document 

Platen 18 Is mounted nravably and arranged to 
move in the direction of arrows 24 to adjust the 
nif ication of the original document bebig reproduced. 
Lens 22 moves in synchre>ni«n therewith so as to fo- 
cus the light Image of or^insri document 16 onto the 
charged portion of the photoconductive surface of 
belt 10. 

Document handling unit 15 sequentially feeds 
documents from a holding tray, seriatim, to platen 1 8. 
The document handling unit recircuiates documents 
badt to the stack supported on the tiay. Thereafter, 
belt 10 advances the electrostatic latent image re- 
corded on the photoconductive surface to a develop- 
ment station. 

At the development station a pair of magnetic 
brush developer rollers 26 and 28 advance a devel- 
oper material Into contact with the electrostatic latent 
Image. The latent image attracts toner particles from 
the canrier granules of the developer material to form 
a toner powder Image on the photoconducth^e sur- 
face of belt 10. 

After the electrostatic latent image recorded on 
the photoconductive surface of belt 10 is developed, 
belt 1 0 advances the toner powder image to the trans- 
fer station. At the transfer station a copy sheet is 
moved into contact with the toner powder image. The 
transfer station includes a corona generating device 
30 which sprays ions onto the backside of the copy 
sheet. This attracts the toner powder image from the 
photoconductive surface of belt 10 to the sheet. 

The ospy sheets are fed from a selected one of 
trays 34 and 36 to the transfer station. After transfer, 
conveyor 32 advances the sheet to a fusing station. 
The fusing station includes a fuser assembly for per- 
manently affixing the transfen^ed powder image to 
the copy sheet Preferably, fuser assembly 40 in- 
cludes a heated fuser roller 42 and a backup roller 44 
with the powder image contacting fuser roller 42. 

After fusing, conveyor 46 transports the sheets 
to gate 48 which functions as an inverter select. De- 
pending upon the position of gate 48, the copy sheets 
will either be deflected into a sheet inverter 50 or by- 
pass sheet inverter SO and be fed directly onto a sec- 
ond gate 52. Decision gate 52 deflects the sheet di- 
rectly into an output tray 54 or deflects the sheet into 
a transpOTt path which canries them on without inver- 
sion to a third gate 56. Gate 56 either passes the 
sheets directly on without inversion into the oul|HJt 
path otVtm copier, or deflect the sheets into a duplex 
inverts rcril transport 58. Inverting transport 58 In- 



verts and stad(s the sheets to be duplexed in a du- 
plex tray 60. Duplex tray 60 provides intermediate or 
buffer storage for those sheets which have been 
printed on one side for printing on the opposite side. 
5 With reference to Figure 2, there is shown the 
path 62 of movement of a document 16 driven by 
pinch rolls 64 through document size sensor array 66 
onto platen 1 8. The document size sensor array 66 
generally includes an array of oppositely disposed 
10 conductwe contacts. One such par is illustrated as 
fiber brush 68 caurried in upper support 70 in electrical 
contact with pultruded composite member 72 as illu- 
strated in greater detail In F^ure 3 carried In lower 
conductive support 74. The pultnided composite 
IS member comprises a plurality of conducth^e fibers 71 
in a polymer matrix 75 having a surface 73 at which 
the en<te of the fibers are available for contect with 
the fibers of the brush 68 which is mounted trans- 
versely to the sheet path to contact and be deflected 
20 by passage of a document between the contacts. 
When no document is present, the brush f ibere form 
a closed electrical circuit with the surface 73 of the 
pultruded member 72. It should be noted that single 
position sensore can also be used. With reference to 
25 the pultruded membere Illustrated in Figures 2 and 3 
as prevkHisty discussed, itwili be appreciated that the 
fiber loading of the member is typically much greater 
than illustrated. 

A test was conducted of the device illustrated In 
30 Figuie 3 wherein fiber brush 68 was made of Celion 
C-6000 a pdyacrylonitrile fiber available from Celion 
Carbon Fibera, Inc., a division of BASF, Charlotte, 
North Carolina with 6000 fibers per yarn. The fibers 
have a 0.7% by weight sizing of polyvinylpyrolidone, 
35 a resistivity of 1 0-^ ohm-cm and are 7 to 1 0 microme- 
ters in diameter. The brush was formed by encasing 
one end of the fibers in an ultrasonically welded con- 
ductive plastic holder and the other contact 72 was a 
pultruded pellet having a circular cross section about 
40 6 mm In diameter cut to a length of about 3mm. The 
pultruded pellet was formed from carbon fibers 7 to 
10 micrometers in diameterhaving a resistivity of 
about 1 0-3 ohm cm in a polyester matrix of which 30% 
to 50% by weight was fiber. The pellet is available 
45 from Diversfied Fabricators, Ind., Winona, Minn.. 

The pellet was attached to the conductive sup- 
port 74 using a silver filled conductive spoxy and the 
switch as fcmied was connected to DC power supply 
5 volts by current sensing resistor which allows 10 
50 milliamps that flow through the contact In a test fix- 
ture, the sensor was actuated for a hundred million 
actuations with no Allures. A similar test was con- 
ducted except that the pultruded contact was re- 
placed with a metal contact. When placed in the test 
55 fixture, failure was experienced after about one hun- 
dred thousand actuattons as a result of an oxide 
builchip on the nrmtat contact and r^ath/^y km feme 
on the brush bebig insufficient at mich \cm enmgy lev- 
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els to pierce thecontaminant layer. 

Additional tests were conducted for the device il- 
lustrated in Figure 3 where the pultruded member had 
been immersed in f user oil, water or had toner spilled 
on it In each instance, it was demonstrated that ef- 5 
fective switching was achieved even under such high 
level of contact discrimination. 

Attention is directed to Figure 4 wherein an alter- 
native form of the Figure 3 device e illustrated. More 
specifically, the pultruded composite member 78 has io 
been machined to provide a rounded groove 80 there- 
in to provide contact with the fibers of a brush contact 
86. In Figure 5, a similar device comprises at the con- 
tact interface two pultruded members 82 and 84 both 
of which have been slightly machined to assure good is 
contact. In one nramber a rounded groove 83 has 
been provided and In the othw member the end there- 
of has been rounded at 85 to mate with the groove. 

With reference to Figure 6, a device including two 
pultruded composite members forming a connector Is 20 
illustrated. Each of the pultruded members 87, 88 Is 
connected to an electrical wire 90 and 91 , respective- 
ly, thmjgh a hole in the end of the pultruded member 
and is contained in a molded plastic end cap 92, 93 
in a housing 95. 96. The connector is designed as a 25 
male and female compatible unit which is held togeth- 
er by flexible fastener material such as Velcro a trade- 
mark of Velcro Company or Scotoh Flexlock 97 a 
trademark of 3M. Naturally, the pultruded composite 
members 87,88 may be joined in electrical contact 30 
with the wires 90,91 by any well known technique 
such as crimping, inserting the electrical lead or wire 
through a drilled hole in the pultruded member, sol- 
dering or adhesively securing it.etc.. 

Figure 7 illustrates an eiastomeric pultruded 35 
member 98 biased Into electrical contact at each end 
100, 101 with contacts 102, 103 by a force exerted 
near near the fulcrum center. 

While the use of a pultruded member as an elec- 
trical contact component in particular devices has 40 
been illustrated, It will be understood that it has utility 
in other applications including high energy applica- 
tions. For example, a pultruded contact member as 
described can be used in audio and signal level con- 
nections, non-metallic busses, corotron array con- 45 
nections, grounding or biasing elements, supply out- 
puts, etc. If a brush-type contact is desired on the end 
of a pultruded OHnposite member, this may be ach- 
ieved merely by removing the polymer matrix from the 
composite member by solvent removal or by burning 50 
or etching the binder away. 

Through the use of pultruded contact ccmpo- 
nents as desoibed above, extremely reliable electri- 
cal devices such as sensors, switches, connectors, 
interlocks, etc. can be provided. This reliability is adh- ss 
ieved because the composite pultruded niembers 
provide sudi an enormously lange number of potent^l 
electrical contacts that the electrical rechjndancy is 



oid^ of magnitude greater than for (xinventional 
metal-to-metal contact Furthermore, the contact 
does not degrade by oxidation over time, and its in- 
tegrity remains intact even when it is contaminated. 
The pultruded contact cwnponent is relatwely low in 
cost, and easily manufacturabie into a variety of crass 
sectional shapes and can be used to provide both a 
structural and mechanical function. It provides a high 
contact reliability at a relatively low cost It is capable 
of functioning for very extended periods of time in low 
energy configurations, and is also capable of func- 
tioning in a high voltage system, for example, in con- 
junction with the composite automobile ignition cable 
described in U.S. Patent No. 4,369.423 to Holtberg. 
Such a system will be free of electromagnetic inter- 
ference or radio frequency interference since the car- 
bon wire in the contact would tend to dissipate any 
transient currents in the wire before any interference 
is generated whteh would otherwise interfere with the 
logk:. In addltkMi, when compared to metal-to-metal 
contacts, the pultruded composite members experi- 
ence low Internal stress on heating and cooling since 
they have a lower linear coefficient of thermal expan- 
sfon. 

The disclosures of the patents and the other ref- 
erences Including the Meyer book and Hdm book re- 
fenred to herein are hereby specif teally and totally In- 
ctfporated herein by reference. 

Although the Figure 3 device has been generally 
illustrated above for use in eiectrostatographic print- 
ing apparatus, it will be appreciated that It has equal 
appllcatton to a larger array of machines with electri- 
cal components, as have other devices In accordance 
with the InventkMi. 



Claims 

1. An electrical device comprising two electrical 
contact components (68,72) engagable one with 
another, at least one of said components being a 
pultruded composite member comprising a plur- 
ality of conductive fibers (71) embedded in a 
polymer matrix (75) said plurality of fibws being 
oriented in said matrix in a direction substantially 
parallel to the axial directfon of said member and 
being continuous from one end saM member 
to the other to provMe a plursritty of potentM elec- 
trical contacts at each end of saM member. 

2. Adevkse as claimed in dalmi. wherein saklcon- 
dudive f ibm are carbon f ibere. 

3. A device as claimed in claim 1 or claim 2, wherein 
the fibers are generally circular in cross sedlon 
and have a diameter of from ab<HJt4 micranetws 
to ab<Hit 50 microme^. 
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4. A device as claimed in any one of the prededing 
claims, wherein the fibers have a DC vdume re- 
sistivity of from about 1 x 1(H ohm cm to about 

1 X 1010 ohm cm. 

5 

5. A device as claimed in any one of the preceding 

claims, wherein the composite member compris- 
es at least 5 % by weight f ibera. 

6. A device as claimed in any one of the preceding io 
claims, wherein said polymer matrix is a structu- 
ral thermoplastic or thermosetting resin. 

7. A device as claimed In any one of the claims 1 to 

S, wherein said polymer matrix Is a crossiinked is 
silicone elastomer. 

8. A device as claimed in any one of the preceding 
claims, wherein both of said electrical contact 
components are pultruded composite members. 20 

9. A device as claimed in any one of the preceding 
claims, wherein the/each pultruded member Is a 
structural member as well as an electrical contact 
component 25 

10. A device as dainrwd In dalm 2, wherein said car- 
bon fibers have a metal coating thereon. 

11. A device as claimed in any one of the preceding ao 
claims, wherein the polymer matrix is removed 
from one end of said pultruded member to ex- 
pose the individual fibers. 

1 2. A device as claimed in any one of the preceding 35 
claims, wherein said two contact components are 
maintained in engagement with one another by a 

flexible fastener. 

13. A device as claimed in any one of the prceding 40 
claims, the device being an electriculswitch, sen- 
sor or connec^r 



Patentanspruche 45 

1. Eine elektrische Einrichtung umfassend zwei 
elektrische Kontaktteiie (68, 72), die miteinander 
in Eingriff bringbar sind, und wobei wenigstens 
eines der genannten Telle ein zieh- so 
stranggeprefites Verbundelement ist das eine 
Mehrzahl von leitenden Fasern (71) In eine Pdy- 
mermatrix (75) eingebettet umfa&t, wobei die ge- 
nannte Mehrzahl von Fasern in der genannten 
Matrix in einer Richtung i m wesentlichen parallel 55 
zu der axialen Richtung des genannten Elemen- 
tes ausgeriditet sind und v(hi emem Ende des ge- 
nannten Elementes zu d«n anderen Ende durch- 



gehend sind, um eine Mehrzahl von mdglichen, 
elektrisdten Kontakten an jedem Ende des ge- 
nannten Elementes berettzustellen. 

2. Eine Einrichtung wie in Anspruch 1 beansprucht, 
in der die genannten leitenden Fasern Kohlen- 

stoffiasern sind. 

3. Eine Einrichtung, wie in Anspruch 1 oder An- 
spruch 2 beansprucht, in der die Fasern einen all- 
gemein kreisfdrmigen Querechnitt aufweisen 
und einen Durchmesser von ungefShr 4 Mikro- 
meter bis 50 Mikrometer haben. 

4. Eine Einrichtung, wie in irgendeinem der vorher- 
gehenden Anspruche beansprucht, in der die Fa- 
sern einen spezlfischen Gtelchstromvolumenwi- 
derstand von ungefShr 1 x 1(H Ohm • cm bis un- 
gefShr 1 x lO^o Ohm • cm haben. 

5. Eine Einrichtung, wie In irgendeinem der vorher- 
gehenden AnsprQche beansprucht, In der das 
Verbundelement wenigstens 5 6ew.-% Fasern 
umfafit. 

6. Eine Einrichtung, wie in ingendeinem der vorher- 
gehenden AnsprOche beansprucht in der die ge- 
nannte Polymemiatrix ein struktureiler, thenno- 
ptastischer oder wdrmehartender Kunststoff Ist 

7. Eine Einrichtung. wie in iigendeinem der vorher- 
gehenden AnsprOche 1 bis 5 beansprucht in der 
die genannto Pdymermatrix ein vernetztes Sili- 
konetastomerist. 

8. Eine Einrichtung, wie in irgendeinem der vorher- 
gehenden Anspruche beansprucht in der beide 
der genannten elektrischen Kontaktteiie zieh- 
stranggeprelite Verijundelemente sind. 

9. Eine Einrichtung, wie in irgendeinem der vorher- 
gehenden Anspruche beansprucht in derdas/je- 
des ziehstranggepreBte Element ein strukturel- 
les bzw. konstruktives Element sowie ein elektri- 
sches Kontaktteil ist 

1 0. Eine Einrichtung, wie in Anspruch 2 beansprucht 
in die genannten Kohlenstoffasern auf sich eine 
IMetaltbeschichtung haben. 

11. Eine Einrichtung, wie in irgendeinem der vorher- 
gehenden Anspruche beansprucht in der die Po- 
lymemratrix von einem Ende des genannten 
zieh-stranggepre&ten Bementes entfernt ist um 
die einzdnen Fasern fretzulegen. 

12. Eine Einrichtung, wie in ingendeinem da-vwher- 
gehenden Ansprfldie beansprucht in der die ge- 
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nannten zwei Kontaktteile durt^ ein flexible Be- 
festigungsmitt^ miteinando' in Elngriff gehalten 
sind. 

13. EIne EInrichtung, wie in irgendelnem der vorher- s 
gehen den Anspriiche beansprucht 1st, wobei die 
EInrichtung ein elektrisclier Sclialt^, ein Sensor 
Oder ein SteckerisL 



Revendications 

1. Oispositif dlectrique comprenant deux compo- 
sants de contact diectrique (68, 72) pouvant dtre 
engages I'un dans I'autre, au moins I'un desdits 
composants 6tant un dl6ment composite pultru- 
d6 comprenant una multitude de fibrea conduc- 
tricas (71) encaatrtes dana una matrica de pdy- 
mdra (75), ladita multituda de fibrea 6tant orien- 
ts dana ladita matrica dans una direction iwatl- 
quement paralldle au sans axial dudit didment et 
tont continue antre una axtii6mlt6 dudit 6l6ment 
et son autre axtrdmii6 af in da (burnlr una multi- 
tude de contacts diectriques potentieis d cheque 
extrdmM dudit 6l6ment 

2. Dispositif selon la revendlcatlon 1, dans lequel 
lesdites fibrea conductrices sont des fibres de 
carbone. 

3. Dispositif selon la revendlcatlon 1 ou la revendi- 
cation 2, dans iequel les fibres ont une section 
transversaie g6nM«nent circulaira et ont un 
diamdtre compris entre environ 4 micromdtres et 
envinjn 50 micrometres. 35 

4. Dispositif seion i'une queiconque des revendica- 
tions prdcddentes, dans lequel les fibres ont une 
rteistance vdumique an courant continu compri- 
se entre environ 1 x 10^ ohm-cm et environ 1 x 40 

lO^oohms-an. 

5. Dispositif selon I'une queiconque des revendica- 
tions iv6cddentes, dans lequel I'didment compo- 
site comprend au moins 5 % en poids de fibres. 45 

6. Dispositif seion I'une queiconque des rsvendica- 
tions pr6c6dentes, dans iequel ladita matrica da 
polymdre est une r6slne thermoplastique ou ther- 
modurcissable structuraie. so 

7. Dispositif selon I'une queiconque des revendlca- 
tions 1 k 5, dans lequel ladite matrice de polymd- 
re est un eiastomdre de silicone rSticul^. 

55 

8. Dispositif selon I'une queloinque d^ revendica- 
tions pr6(^denti», dans lequel lesdits deux 
composants de (intact 6lectrique sont des 616- 



ments composites pultrud^s. 

9. Dispositif selon I'une queiconque des revendica- 
tions pr6c6dentes, dans lequel le/chaque ele- 
ment pultrud6 est un 6ldment strwAursri ainsi 
qu'un comp<»ant de contact 6lectrique. 



10. Dispositif selon la revendication 2. dans lequel 
lesdites fibres de carbone ont sur laur dessus un 

10 revfttement m6talllque. 

11. Dispositif seion I'une queiconque des revendica- 
tions pr6c6dentes, dans iequ^ la matrice de po- 
lymdre est enlevde d una extr6mlt6 dudit 6l6mant 

15 puitrud^ de mani^ d mettre & nu les fibres In- 
dividuelles. 

12. Dispositif seion I'une queiconque des revendica- 
tions pr6c6dentes, dans lequel lesdits deux 

20 composanta de contact sont maintanus en enga- 
gement I'un dans I'autre par una attache flexible. 

13. Dispositif selon i'une queiconque des ravendlca- 
tions pr6c6dentes, le dispositif dtant un commu- 

25 tataur diactrique, un capteur ou un connectaur. 
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